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Background

The requirement for affordability assessment via TOC
analysis is receiving renewed emphasis for new DoD
programs.

Our goal was to design a conceptual framework to
enable TOC estimation and analysis for Aerospace
and Defense community

— Usable by all stakeholders, from the acquisition community,
cost estimators and program managers up through the
highest levels, such as Congress, DoD financial/budgetary
community, and G-8 PA&E.

Starting point: Estimation framework well designed
for estimates geared toward acquisition community.
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Definitions

TOC — Total Ownership Cost

— General’;
Estimate of all direct and indirect costs associated with an asset or
acquisition over its entire life cycle

— Defense Acquisition University:
Elements of a program’s life-cycle cost to include business
processes cost and infrastructure used in the broadest sense

— “DoD TOC is the sum of all financial resources necessary to organize, equip, train, sustain, and
operate military forces sufficient to meet national goals in compliance with all laws, all policies
applicable to DoD, all standards in effect for readiness, safety, and quality of life, and all other
official measures of performance for DoD and its Components. DoD TOC is comprised of costs
to research, develop, acquire, own, operate, and dispose of weapon and support systems, other
equipment and real property, the costs to recruit, train, retain, separate and otherwise support
military and civilian personnel, and all other costs of business operations of the DoD>.”

Notes:
1.Total Ownership Cost Definition Business Dictionary Retrieved 6 May 2010 http://www.businessdictionary.com/definition/total-cost-of-ownership-TCO.html
2.Total Ownership Cost Defense Acquisition University Retrieved 6 May 2010 https://acc.dau.mil/CommunityBrowser.aspx?id=314767#3.1.5
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Research Method
Define use cases

Characterize persona for each stakeholder

Create list of required framework features

Design reporting structure to meet all stakeholders’ needs
Design cost model structure that enables TOC estimation

Crosscheck our cost models with standard cost breakdown
structures for validating completeness.
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Use Cases

Baseline TOC Estimate

To establish the basis of the Total Ownership Cost of a proposed
program, project, or system for use in contract proposals, trade
studies, budget development, and program execution / tracking

Affordability Analysis

To compare the Total Ownership Costs of alternative solutions to
achieve a minimum acceptable mission / operational capability at
the least cost

CAIV Engineering Trade-Off

To systematically explore the reduction of Total Ownership Costs
of Major Weapon or Information Systems by estimating costs
associated with changes to the system design
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Stakeholder Personas

Personas represent the entire “broader audience” discussed earlier,
throughout all 3 use cases.

Step-by-step analysis went through every interaction with the
estimation framework.

Personas analyzed include lead system engineers, cost estimators,
operations research analysts, contract prog mgrs, gov’'t prog mgrs,
congressional staffers, G-8 PA&E analysts, etc.

Lead System Engineer Responsible for the development of 1. Analyze requirements
the physical architecture of the 2. Develop PBS in conjunction with technical leads
systems to be costed. Also responsible 3. Develop WBS in coordination with program
for the development and management
documentation of system 4. Oversee development of system physical
requirements architecture

5. Analyze requirements

6. Provide technical input to program schedule

7. Provide input to cost estimators for development
of system costs

8. Oversee design to cost analysis
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Baseline Major Steps, Functions & Features

Baseline TOC Estimate Steps: Construct WBS, Assess
Cost Model Drivers, Calculate Cost, Validate Model, Map
to Reporting Structure.

Example - Step 1. Construct Work Breakdown Structure

Cost Estimator, Lead Knowledge of: -Model physical architecture Complete WBS modeled
System Engineer -Physical Architecture -Add applicable program in the TruePlanning
-Matrix Program Functions functions to WBS Estimation Framework.

-O&S structure in context of (Integration, SE, PM, etc.)
organization - Add applicable O&S cost
elements to WBS.

This analysis completed for every step of all 3 use cases.
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Output Structure — The WBS/CBS/OBS Cube

Work Breakdown Structure — How?
Project broken down into
systems, subsystems,
components, and work packages
(example: Mil-Std-881C)

Crganizational Breakdown Structure

Cost Breakdown Structure —
Who Pays?

Project broken down into useful B
cost categories, usually budget

appropriations.

Work Breakdown Structure

Organization Breakdown Structure — Who Does it?
Project broken down according to organizations involved
and their organizational structure. (Congress, PEO,
Prime/Sub-contractors and their sites, departments, teams)
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Slicing and Dicing - The WBS View

Organizational Breakdown Structure
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Slicing and Dicing — The CBS View

Crganizational Breakdown Structure

I CBS Slice 1.01 Example: CBS Element
Development “Development Engineering”
=] Engineering . . .
= spans multiple organizations,
E & and applies to a variety of
2 & components in the WBS.
= .
; & This view of cost estimate is

useful for planning, budgeting
and tracking execution.
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Slicing and Dicing - The OBS View

Organizational Breakdown Structure

M Boeing Example - Boeing is prime
Boeing contractor, responsible for
Department 10 airframe. Dept. 10 responsible

i for wing and tail components.

Work Breakdown Structure

Users can view Dept. 10 slice,
& and will see all wing and talil
deliverables, wing and tail
component cost estimates and
budgets.

Any “group” can get a
customized view with only
relevant information.

11
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Input Structure — Enterprise Focus

Focused on the environment in which the system operates.
— Organizational and Operational Factors
— Theaters

— Force Structure

Aids in Estimating
—  O&M, MILPERS, MILCON Appropriations
— System operation within the context of force structure and operational concept.

— Influence of organizational and theater factors on Maintenance costs.

Applications or Uses p ey
— Budget Development ;
— Program Evaluation
— Affordability and AoA Analysis

SEPACOM.

Primary Users

— Congress

— G-8 Program Analysis & Evaluation

— Cost Estimators

12
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Input Structure — Product Focused

Focused on the system being costed.

— Physical Architecture

Erht_ili;al radar wargl;lig
. 5 Hizer receiver an na
— Integration/Assembly g &

horizontal

— System Engineering/Project Management stabilizer

Aids in Estimating
— RDTE / Procurement Appropriations

— Base Cost of Maintenance Action
(Failure Rates, Cost of Spares/Repairs)

wing spars

Applications or Uses landing gear

_ Proposals @ 2002 HowStaffWorks
— Program Execution and Management
— Design to Cost

— CAIV for Engineering

Primary Users
— Cost Estimators

— Contractors and Original Equipment Manufacturers
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Example — Total Cost of Maintenance

Product-Focus
— Estimates: Cost of a single spare or repair action

— Drivers: MTBF, MTTR, Designation of reparable/replaceable
components

Enterprise-Focus
— Estimates: Demand for spares/repairs, Logistics costs

— Drivers: # Supply/Maintenance Points, Shipping costs
between facilities, Days of Supply (Stock), Harsh Conditions
Adjustment, etc.
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Force Structure — Organizational Relationships

Fielded
Force Structure

Supply
Chain

Maintenance
Chain

Organizational Organizational
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. . i & Theater OpTempo
Operational Unit ' Installation $
i . Unit Training
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. : Supply MILCON
Installation ' System POL
i I System Consumables
\ 4 E |

; D R N—
Maintenance ! Theater Supply
! | [ <
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: N
Depot Level ! Depot Level @
Maintenance Supply @) Enterprise
e Perspective
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Infrastructure $
Replacement Training
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Pooled Systems
Recurring Transport

i Intermediate Level
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Ensuring Completeness: CBS Crosswalk

Comparison of our Cost Model Offerings to

standard CBS of Major Organizations:

Arm y AEIEIEY_ G 5 T B BT 5 ;
Definition Application Key:
Common Definition
Mutiple Defintions
TP Activity Split Between CES Elements
Unresolved Conflict
N avy 1 vity - New Cost Object
Maintenance
|_J TOTAL OWNERSHIP COST Hardware Software  Indirect and Sustaini
2 TP Activity Map Hardware COoTS Software CcoTS Support  Modification  Suppo
5 a
NASA —
N Operation & Maintenance (O&M) Funded
T [z 8 Elements - inment
126/ 5.01 Field Maintenance Civilian Labor QOther Unit Level Maintenance Manpow
o 127
U K M D ° 128 5.02 System-specific Base O 1 Support X
O ° 129
° 130/ 5.03 i Depot Level Repairables (spares) Replenishment Spares Procurement X X X
131 5.04 i [« bles (Repair Parts) Replenishment Spares Procurement X X X
. 132
- [133 s0s Petrol Oils & Lubri (POL) Operating Materiel
CAPE (CAIG) e
° 135
=| [136_ 5.06 End Item Supply & Mai
137 5.061 Overhaul (P7TM) Depot Maintenance X
- (138 Operating Equipment Replacement X
NATO -
- 140 5.062 Integrated Materiel Management Maintenance X X
- 141 Contractor Support X X X
142
143 s.oe3 Supply Depot Support Support Equipment Maintenance X X X
144 Support Equipment Replacement X
145
146 5.064 Industrial Readiness
147 5.085 Demilitarization
148 507 Transportation Shipping X X
149 Transportation X
150, 5.08 Software Software Maintenance X X
161 Software Modifications or Modernizatic X
152
163 5.0 System Test & Evaluation, Op
= (154 54 System Engi ing / Program M;
155 5101 Project Management admin (PM Civ) Sustaining Engineering X
156
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Conclusions

Goal: Design a conceptual framework to enable TOC estimation
and analysis for a wide variety of stakeholders in A&D community.

Analyzed use cases in terms of user/audience personas, specific
tasks and deliverables, and developed list of required framework
features.

Gained insight into “cube” data structure, enabling reporting that
satisfies all stakeholder requirements.

Analysis of product- vs. enterprise-oriented drivers helped define
best cost model structure.

Crosscheck with standardized cost breakdown structures ensured
completeness of cost model offerings.
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Backup Slides
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Total Ownership Cost Model

Implemented in TruePlanning 2012.

Gathers data from cost estimate based on WBS, adds environmental

enterprise-context, executes algorithms

Cost Element Complete, minus MILCON and Reserve Funds (AWCF)

1
2
3
4
5
V]
T
8
9

10
11
12
13
14
15
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Value

N

2.50%
4.00%

0.00
2.50%
1.10%
6.40%
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Issues To Be Resolved

Data Analysis — Analysis underway of DoD service’s data to
develop algorithms for missing cost categories (currently
Implemented as cost-to-cost relationships or throughput)

Modifying existing physical architecture-based models to easily
define LRUs/Modules/Parts and apply maintenance accordingly.

Addressing MILCON

Implementation of data structure to correctly slice and dice the
cube

Fully-Burdened Cost of Fuel Model
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CAIV Major Steps, Functions & Features

<>»Tr

Steps

Analyze Requirements

Determine Measures of Effectiveness
Determine Trade Space

Identify Cost and Risk Drivers
|dentify Alternative Solutions
Evaluate TOC

Interpret Comparative Results

Document Results and Recommendations

New Features Required

Dynamic Business Value Criteria
TOC Risk Inputs
Budget or Cost Objective

Multi-run Results Comparison

uePlanninge
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Affordability Major Steps, Functions & Features

Steps
— Mission Operational Context
— Architecture Development
— Cost, Risk, Performance and Schedule Analysis
— Trade-off Analysis
— Analyze Issues

— Document Results and Recommendations

New Features Required
— Detailed Analysis Output
— Output Manipulation

— Financial Outputs
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WBS Structure Example screen capture)

Product Breakdown Structure

Simple | Detailed

”
1 2-C3 (DS _Pull_wbs _WORKING 2 (13
2 =-C3 1.0 System
3 B 1.0,0.0_System_
) 4 =M 1.1.0.0_Vehicle/¥ariant
S 5 @ 1.1.1.0_Hull{Frame
° & - £ 1111 Hul
E 7 S | 1.1.1.2_Chassis{Frame
m g - Bk 1.1.1.3_Fenders/Skirts
- 9 S | 1.1.1.4_Guards
; 10 - B 1.1.1.5_DoorsfHatchesjGriles/Cupolas
(@] 11 o | 1.1.1.6_Windows/Vision Blocks
E 1z - el 1.1.1.7_appendages & Mountings
@ 13 - 1.1.1.8_Drainage Systems
8 14 - 3 1.1.1.9_Other HulliFrame
E < 15 []---ﬁ 1.1.2.0_5uspension{Steering
(&) 31 []---ﬁ 1.1.3.0_Powerpack/DriveTrain
-g 43 []---ﬁ 1.1.4.0_auxiiary Automotive
9 53 []---ﬁ 1.1.5.0_Turret Assembly
[a 63 =- g 1.1.6.0_Fire Control
70 - 1.1.7.0_Armament
a7 =- g 1.1.8.0_Body Cab
100 []---‘@ 1.1.9.0_automatic Loading
104 I:I'"‘@ 1.1.10.0_Automatic/Remote Pilaking
117 []---ﬁ 1.1.11.0_Muclear Biological Chemical
129 []---ﬁ 1.1.12.0_5pecial Equipment
147 - 1.1.13.0_Mavigation
152 -G 1.1.14.0_Command Conkrol Communicakisrs
160 []---ﬁ 1.1.15.0_Vehicle Application Sefhare
166 [ 1.1.16.0_System Sefdare
\% =- g 1.1.17 [¢Eironics
» i — | 271.18.0_TATRC (Manufacturing)
= % g 192 . 1.2,0.0_Systems Engineering/Program Management
E =S 193 ﬁf; 1.2.1.1.5_Requirements Management
© 8’ o 194 ﬁf; 1.2.1.11_Engrg Support & Specialties Process
2 E % 195 '_ 1.2.1.13_Integrated Logistics Support Management
L I — Y@ 1.3.0.0_Yehicle Lewvel Test and Evaluation
p— - ) Other Cast
195 ] 1.4.0.0_Training
g 199 - & et ey
() 200 - 1.6.0.0_Peculiar Support Equipment (Included Above)
E 201 - 1.5.0.0_OperationalfSite Activation
Q@ —< 202 - =] 1.9.0.0_Industrial Facilties
L 203 - 1.10.0.0_Initial Spares and Repair Parts (Mot Included Above)
[9p] 204 - i 1.12.0.0_Supply Support Services
8 205 - 1.13.0.0_Field Support Services
206 - g 1.14,0,0_Training Services
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Traditional costs
associated with the
Product Breakdown

Structure (PBS) such as
MTBF for components
remain within the PBS

hierarchy and component
cost object

Cost which really are matrix by
function and applied to the entire
program across all phases (Dev,
Prod, O&S) might be represented

as new activities on old cost objects
or new activities on new cost
objects

O&S might be represented as new
activities on old cost objects or new
activities on new cost objects
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Operational Perspective

Current US Theaters
US Northern Command

US Centeral Command
US European Command
US Pacific Command

US Southern Command
US Africa Command

Non-Theater Commands

US Special Operations Command
Us Joint Foces Command

US Strategic Command

US Transportation Command

Current British Theaters
British Forces Afghanistan
British Forces Brunel

British Forces Cyprus

British Forces Falkland Islands
British Forces Gilbraltar
British Forces Germany
British Forces Iraq

Name Headquarters
A8 15t Armored Division Wiesbaden Army Airfield, Germany

R

W1st Cavalry Division ~ FortHood. Texas

'lstlnfantg Division ~ FortRiley. Kansas

wz,qd Infantry Division Camp Red Cloud, South Korea

%Srd Infantry Division ~ Fort Stewart, Georgia

'i’zlth Infantry Division Fort Carson, Colorado

=

#10th Mountain Division Fort Drum. New York

uZSth Infantry Division Schofield Barracks, Hawaii
2oth Infantry Division

82nd Airborne Division Fort Bragg. North Carolina

ﬁwlst Airborne Division Fort Campbell, Kentuck
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ACRONYM
NORTHCOM

CENTCOM
EUCOM
PACOM

SOUTHCOM
AFRICOM

SOCOM
JFOCM
STRATCOM
TRANSCOM

SSTACON.

Area Of Resonsponsibility

North America

Egypt through the Persian Gulf region, into
Central Asia; handing over responsibility of
Horn of Africa to AFRICOM.

Europe, including Turkey, and Israel

The Asia-Pacific region including Hawaii.
South, Central America and the surrounding
waters

Africa excluding Egypt

No Geographical Area Responsibility
No Geographical Area Responsibility
No Geographical Area Responsibility
Global mobillity of all military assets

O&S is oriented on two

views

— Theater

Force Structure

Whereas Development
and Production are

system product
oriented

[Eighth Air Force
(AFSTRAT-GS)

Barksdale Air Force Base,
Louisiana

IAFGSC

Fleet Locations

A
by
Tma 6th
FLT  fFLT &th

INinth Air Force
I(AFCENT)

lacc

[Tenth Air Force

e @ ITyndall Air Force Base, Florida ~ |ACC
Isecond Air Force @ [Keesier At Force Base, |aETC
W @ [Ramstein Air Base, Germany USAFE
[Fourth Air Force [arch A Reserve Base, IAFRC
Fifth Air Force @ Yokota Air Base, Japan lpacAF
Isixth Air Force @ f;g:fg:z;ﬂb'gm
s i Force @ lOsan Air Base, Korea lPACAF

G

@ v e

arolin

javal Air Station Joint Resers
[Naval Air Station Joint Reserve |,
ase, Fo ex: JAFRC
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Definitions
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Operations:
Operations consists of those actions required to use
a system for its intended purpose

Maintenance:

Maintenance consists of corrective or preventative
actions taken to ensure equipment or material is in an
operational condition

Support:
Support consists of actions, facilities and materiel
needed to support a system a the enterprise level
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